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Abstract
A large mathematics achievement gap is a concern for researchers and educators alike, making
effective teaching practices a main point of study for many researchers. Therefore, this action
research, which used a quasi-experimental, quantitative research design, aimed to determine the
effect of a self-paced learning environment on eighth-grade students’ mathematical achievement
and motivation for learning. Baseline data on student motivation toward learning mathematics
and mathematics achievement was collected before implementing a self-paced learning
environment. After a mathematics unit was completed utilizing the self-paced learning model,
data was collected on student achievement and motivation to determine effect of the learning
environment. This research determined if the student-centered educational environment of selfpaced learning had a positive effect and should be implemented permanently within the
classroom of study.
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CHAPTER 1
INTRODUCTION
Introduction
Mathematics is a key component and core subject for students as they move through their
school careers. While not every student holds positive feelings towards mathematics, learning
mathematical concepts, as well as critical thinking and perseverance skills, are useful for the
hierarchical nature of mathematics courses. Despite its importance, students consistently test
below expectations on mathematics standardized tests, leaving researchers, teachers, and districts
wondering what they can do to positively impact students’ scores. With shifts in educational
ideology from a focus on memorization and regurgitation to critical thinking and 21st century
skills, teaching strategies have been evolving from the traditional teaching methods of the past.
With the mathematics achievement gap remaining wide, studies push to find which evolving
teaching strategies will help to close the gap and move the general population of students to
proficiency of mathematical concepts.
When considering the hierarchical nature of mathematics, it is easy to conclude that
students who struggle with concepts will continue to struggle as new content builds over time.
Intuitively, teachers may want to focus on individual skills that students are lacking but must also
focus on grade-level content. Therefore, a teaching practice that allows students to focus on
reaching proficiency for each standard, working as long as needed to build required skills, should
build up achievement levels and ultimately, improve math scores. Teaching strategies such as
self-paced learning may have the specific components needed to help build up student
mathematical achievement scores. Therefore, a student-centered teaching approach was the focus
for the action research to determine its efficacy on student achievement.
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Brief Literature Review
Many researchers have set out to determine what factors have the largest impact on
mathematics achievement. In pursuit of influences on achievement, researchers often find that
student motivation, self-efficacy, and student anxiety have significant impacts on student
achievement (Balentyne & Varga, 2017; Donolato et al., 2020; Hwang & Son, 2021). Other
researchers, such as Elif and Kezer (2021) focused on the educator’s impact by gathering data
about student-centered teaching methods and their effect on student achievement, motivation,
and anxiety at all grade levels, specific to the mathematics content area. Although one specific
type of teaching method was not the focus of the study, the researchers analyzed the effects of
several different student-centered methods compared to teacher-centered methods, traditionally
used in mathematics classrooms. The aim of Elif and Kezer’s (2021) study was not to determine
which method had the highest impact on achievement, but rather if any student-centered
approach improved achievement, motivation, and lowered anxiety compared to teacher-center
approaches. It was found that student-centered teaching methods had a statistically significant,
positive impact on student achievement in the mathematics classroom (Elif & Kezer, 2021). The
statistically significant results from Elif and Kezer’s (2021) study show that regardless of which
type of student-centered approach is being used, it should impact student achievement in a
positive way.
Additionally, the research found that the student-centered teaching methods had a
significant impact on anxiety and motivation in middle-school students, although the intensity of
the impact was not as large as with achievement scores (Elif & Kezer, 2021). Another study by
Altakhayneh (2020) considered the effects of mathematical anxiety on achievement and found a
negative correlation between the two. The research concluded that teaching strategies that
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improve student comfort level, resulting in lowered anxiety, had a positive effect on achievement
(Altakhayneh, 2020). A student-centered approach can provide an improved comfort level for
students by shifting the focus from assignment completion to subject mastery, as well as
allowing the educator to work individually with students at their own level. Therefore, it can be
concluded that a student-centered teaching method may help to raise mathematics achievement
and motivation, as well as lower math anxiety. Many other researchers have found strong
connections between mathematics achievement and motivation or anxiety, reporting that when
motivation increased and anxiety decreased, there were positive gains in mathematics
achievement (Balentyne & Varga, 2017; Donolato et al., 2020; Hwang & Son, 2021).
Much of the research revolves around student motivation and mathematics achievement,
or general teaching strategies similar to Elif and Kezer’s (2021) study, but little research has
been completed on a self-paced learning environment in a middle-school mathematics classroom.
However, utilizing the information from the found studies, a student-centered, self-paced
learning environment should result in higher mathematics achievement, as well as improved
motivation and lowered anxiety.
Statement of the Problem
Traditionally, during a typical mathematics class period for students in middle-school
grades and older, the instruction consists of lecture, activities, and independent practice that is
generally due the next day. Students move through one lesson per day, and then a summative
assessment is taken at the end of the unit. This often shifts students’ motivation away from
learning the content to completing assignments. Additionally, each day the class continues
moving forward regardless of students’ mastery of the content. With a self-paced learning
environment, there is one final due date at the end of the unit. Students progress through the unit
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at their own pace, spending more or less time on specific content when needed, meeting
individually or in small groups with the instructor for more individualized support. This shifts
the emphasis away from homework completion and onto content mastery. With a focus on
reaching standard proficiency, the achievement gap should begin decreasing.
Despite the logic behind a self-paced classroom, little research has been conducted on its
efficacy in a middle-school mathematics setting. Therefore, the action research focused on the
effect that self-paced learning had on middle-school students, specifically their mathematics
achievement and their motivation towards learning mathematics.
Purpose of the Study
With a deficit in mathematics achievement, a study on the efficacy of a specific teaching
strategy on achievement was the original intent. Therefore, the initial purpose of the study was to
research the efficacy of a self-paced teaching strategy when focused on mathematics
achievement. After reviewing the literature, it was found that little research has been conducted
on self-paced learning specific to students in a middle-school mathematics classroom. However,
much of the research focused on factors that improved achievement in mathematics scores, for
which those factors were motivation and self-efficacy (Damrongpanit, 2019; Donolato et al.,
2020; Ozkal, 2019; Skaalvik et al., 2017).
With a gap in the existing literature on self-paced learning within a middle-school,
mathematics classroom, achievement scores needed to be an important piece of the action
research. Additionally, with extensive research supporting the important role of motivation and
self-efficacy in mathematics achievement, a teaching strategy that aims to improve these
qualities within students should ultimately improve mathematics performance. Therefore, a focus
on motivation and attitude was added as a component of the action research.
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As a middle-school math teacher, the topic of mathematics achievement at all levels
became a heavy interest. With a desire to see students succeed, there is a push to improve
standardized mathematics achievement scores at each level. Many researchers are concerned
with the existing achievement gap (Bjorklund-Young & Plasman, 2020; Capuno et al., 2019;
Erdik, 2018; Roberts & Spangenberg, 2020; Tambunan et al., 2021). Therefore, teaching
strategies are an important part of research to find a solution for low math achievement.
Research Questions
1. What effect does self-paced learning have on eighth-grade students’ summative mathematics
achievement?
2. What effect does self-paced learning have on eighth-grade students’ perceived motivation
regarding learning mathematics content?
Definition of Variables. The following are variables of the study:
Variable A (Independent): Self-Paced Learning Environment. During the self-paced
learning environment, students had one due date at the end of the unit that all lessons
were to be completed by, rather than intermittent due dates throughout. Since students
worked at their own pace, the educator used class time to meet with students individually
or in small groups and provided specific support for each student when needed.
Variable B (Dependent): Mathematics Achievement Scores. Achievement scores were
determined by the unit summative assessment and were compared to baseline data
collected from students’ overall mathematics grade. The assessment was a paper/pencil
test format (see Appendix A).
Variable C (Dependent): Student motivation towards learning mathematics. Student
motivation and attitude towards learning mathematics was determined by a questionnaire
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filled out by each student involved in the action research prior to and following
implementation of the independent variable (see Appendix B).
Significance of the Study
This study provided the opportunity to determine if a student-centered, self-paced
learning environment had a positive impact on student achievement and motivation. The selfpaced learning model allowed students the opportunity to move at an individual pace that was
appropriate for them. Furthermore, it produced a transition of focus from homework completion
to mastery of the content. The educator utilized class time to individualize support and
instruction for students. It was the hope that by adjusting these factors, improvements in
students’ achievement scores could be observed.
Aside from improving student test scores, a goal was to improve student perception of
mathematics, increasing motivation and lowering math anxiety. If attitude and motivation toward
mathematics improve, there could be a long-term impact on student scores, as predicted by
Balentyne (2017). A goal was that this student-centered strategy would shift the focus from
homework completion to content mastery.
With a push for college and career readiness skills as students leave high school,
mathematics achievement becomes even more critical. Regardless of which path students desire
to take, their perception of their mathematics ability is an important guide in their decision.
Granley et al. (2018) found that perception of mathematics held the largest impact in the course
of study that students chose to take after high school. Therefore, by improving students’
motivation and attitude towards math, their view of what can be achieved after high school
expands.
A student-centered teaching approach should not only improve student mathematics
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achievement but also improve attitude towards mathematics by empowering students to master
content which may have seemed too difficult with traditional teaching methods. Self-paced
learning is one of many student-centered teaching approaches that could produce positive effects
and was the focus of study with the understanding that other student-centered approaches could
produce the same effect, as shown in Elif and Kezer’s (2021) research.
Research Ethics
Permission and IRB Approval. Approval was pursued and granted by MSUM’s
Institutional Review Board (IRB) to confirm standards for research involving human subjects
were met (Office of Human Resource Protections [OHRP], 2021). Furthermore, authorization to
implement the research was obtained from the administrative team employed at the district
where the study will be conducted (See Appendix C and G).
Informed Consent. Action was taken to ensure human subjects involved in the research
were protected. The Method of Assent (See Appendix D) was presented to participating minors
to inform them of the purpose of the study before research began. Information about the
researcher’s participation in the master’s degree program at Minnesota State University
Moorhead and the benefit of the study was depicted to students. Informed consent was obtained
from the parents of all participants after they were informed of the purpose and procedures of the
study (OHRP, 2021). By providing consent, parents understood and agreed, in writing,
information regarding their child could be used in the analysis and reporting process of the
research. Confidentially was upheld through the use of pseudonyms, and no identifiable
information was reported (e.g., Student 1). Participants and guardians were informed, both
verbally and in writing, of their right to withdraw participation at any time without consequence.
Limitations. Students in the study were broken up into three groups with varying
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abilities in each. Two of the sections had the highest achieving students removed to attend an
enrichment class. Additionally, these groups of students were smaller than the third section,
which could be another factor influencing achievement. One more factor that should be
considered is that students who were lowest achieving were also receiving intervention services
for 50 minutes five days per week in addition to their core mathematics instruction. This
supplement may also have had an impact on student achievement.
Finally, the scope of the action research posed a limitation on the study of self-paced
learning. Ideally, students would not have any due dates in the scope of self-paced learning.
However, since the teaching strategy was implemented during one unit for the duration of the
research, there was a requirement for a due date at the end of the unit, which provided students
with some pressure to complete assignments by a designated time.
Conclusion
With a push for innovative teaching strategies in the scope of today’s society, it will be
important to determine the methods that have the largest impact on student mathematics
achievement. Since the mathematical achievement gap remains throughout much of the world,
finding a strategy that reduces this deficit will be critical in moving students through their
mathematics classes. Additionally, a method that can push students towards a positive
relationship with mathematics can have lasting effects on their chosen career path. A studentcentered teaching strategy such as self-paced learning could positively impact students, not only
for their middle-school classes, but for several years following. In the following chapter, research
was analyzed that discussed various factors that have been shown to affect mathematics
achievement, as well as the existing research on self-paced learning as a teaching strategy.
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CHAPTER 2
LITERATURE REVIEW
Introduction
The efficacy of various teaching strategies surrounding improvement of mathematics
achievement has been researched and studied by many. A variety of different strategies emerged
in an attempt to improve standardized achievement scores. The research process began by
searching for articles specific to self-paced learning. Filters were added to find research specific
to middle-school mathematics, but no studies were found. These filters were removed and
research surrounding self-paced learning produced some results, but they involved other content
areas and grade levels. Throughout these studies, common themes were discussed, such as
motivation and self-efficacy. These findings led to a search on how these topics affected student
achievement in mathematics. With the newly added research regarding these topics, common
themes and concepts were pulled, pointing toward the conclusion that motivation, attitude, and
self-efficacy may have the largest impacts on student mathematics achievement, especially in
middle-school grades.
Mathematics Achievement Concerns
Mathematics achievement has been a topic of discussion among researchers, policy
makers, and districts, with an emphasis on achievement in the middle school grades. The
achievement gap can be seen throughout the state of North Dakota, as evidenced by the 2022
North Dakota State Assessment. When accumulating the scores from schools across the state of
North Dakota in 2022, only 34% of eighth-grade students met proficiency benchmarks (North
Dakota State Assessment [NDSA], 2022). Grades five through seven had 45%, 40%, and 37%
proficiency rates respectively (NDSA, 2022). In addition to the North Dakota standardized test
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scores, several researchers noted large achievement gaps from several different countries
(Bjorklund-Young & Plasman, 2020; Capuno et al., 2019; Erdik, 2018; Roberts & Spangenberg,
2020; Tambunan et al., 2021). Furthermore, the Organisation for Economic Cooperation and
Development has consistently reported that students from around the globe perform below grade
level (Organisation for Economic Cooperation and Development [OECD], 2003). Considering
the various sources of standardized scores that show a mathematics achievement gap, one which
does not seem to be closing, many researchers set out to find causes and solutions.
A study completed by Bjorklund-Young and Plasman (2020) observed several schools to
determine if any of them could eliminate the mathematics achievement gap. Their results showed
that not one of the schools studied were able to eliminate the gap, and very few schools could
even reduce the achievement gap, which was measured by students reaching proficiency on
standardized tests (Bjorklund-Young & Plasman, 2020). Despite the studied districts’ efforts,
they were unable to address the gap issue, which left the researchers wondering why, a question
many schools have asked themselves. Hanover Research (2014) provided some evidence-based
practices that were not apparent in Bjorklund-Young and Plasman’s study which could help
close the achievement gap, such as extended learning opportunities, cultural sensitivity, and
support, all of which impact student motivation towards learning (Hanover Research, 2017).
Motivation pushes a person to strive for excellence, so it is no surprise that many connections
were found between motivation and mathematics achievement.
Student Motivation
The causes most correlated to the mathematics gap are low student motivation, negative
math opinions, and high math anxiety. Because of this, many researchers center their studies
around motivation, making it the main factor in their research (Damrongpanit, 2019; Donolato et
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al., 2020; Ozkal, 2019; Skaalvik et al., 2017). These researchers set out to determine the extent
student motivation had on academic achievement, specifically in terms of mathematics content.
Most research shows the same results regarding mathematics achievement and attitude or
motivation (Balentyne & Varga, 2017; Donolato et al., 2020; Hwang & Son, 2021). Donolato et
al. (2020) found a negative association between math anxiety and math performance, meaning as
anxiety levels rose, performance declined. Additionally, Balentyne and Varga (2017) found a
positive correlation between achievement growth and attitude in mathematics, and that
achievement growth was significantly correlated to value, motivation, enjoyment, and selfconfidence, as did Hwang and Son (2021) in their study. With such an emphasis on the
motivation connection to achievement status, researchers began studying what attributes affected
student motivation.
One factor to be considered is teaching performance. The way a teacher presents
information will undoubtedly influence how students synthesize the content. Unsurprisingly,
teacher performance had a significant impact on increasing interest and motivation for students
(Tambunan et al., 2021). Researchers emphasize the importance of creating learning
environments that will support students’ positive attitudes and motivation by helping them
experience positive achievement throughout their mathematics career (Ozkal, 2919). Teachers’
performance can have a significant impact on students’ anxiety, also an area of focus in relation
to student motivation. A study conducted by Skaalvik et al. (2017) showed performance goals
and climate are critical in reducing student anxiety.
Climates that communicate to students that achievement is more important than effort
and that doing better than others is valued, reduce perceptions of intrinsic and
importance/utility value of mathematics, promote fear of failure, and thereby increase the
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students’ perceptions of math anxiety. (Skaalvik, 2017, p. 558)
Teacher performance and classroom structure will produce effects on students’ anxiety within a
classroom, which influences student motivation, and ultimately may have an impact on student
achievement.
In an attempt to find other factors that influence motivation, a study was conducted to
determine if student learning style attributed to student attitude towards mathematics; however, it
was found that there was no correlation between learning style and attitude (Bünyamin, 2016).
While the importance of learning styles is not conclusive, the study recommended that teachers
find activities that meet all learning styles when teaching mathematical concepts (Bünyamin,
2016), a practice widely accepted by classroom teachers.
Student Self-Efficacy
Another topic that emerged when researching mathematical achievement was the role of
self-efficacy. Bandura (1977) defined self-efficacy as the belief people have in their individual
abilities, which he determined has a significant effect on students’ perseverance when it came to
academics. Some researchers determined how self-efficacy affects student motivation, while
others focused on its connection to academic achievement. Ozkal (2019) found that student selfefficacy beliefs for their mathematics-learning predicted their math achievement, specific to
sixth-grade students. This provided evidence that the way students perceive what they can
achieve holds significant value in how they succeed, which is important when focusing on
closing the gap. Another study observed ninth-graders’ individual views of their ability
compared to mathematics achievement and found a positive correlation between the two (El-Adl
& Alkharusi, 2020). The correlation shows that when students’ perception of their ability, or
self-efficacy, was higher, their mathematics achievement was also higher. Although correlational
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studies cannot predict a causational relationship, it is still important to note the positive
connection between the two factors.
Other experiments have been conducted to determine a causational effect of student selfefficacy and mathematics achievement. Damrongpanit (2019) conducted an ethical experimental
study to determine the role of self-efficacy and achievement motivation on mathematical
achievement. He determined that mathematics achievement cannot be improved by solely
teaching the content in detail, but that success was heavily impacted by student’s self-efficacy
perception (Damrongpanit, 2019). The importance of focusing on self-efficacy and attitude
towards mathematics was highlighted by Damrongpanit, stating “the teaching adjustment that
takes into account the development of learning results together with the development of
nonacademic factors is a direct development of learners with effectiveness and sustainability”
(2019, p. 723). These findings are consistent with Hattie’s (2018) influence and effect size,
which rates self-efficacy at a 0.92, placing it 11th out of 252 influences and showing the
significant impact self-efficacy has on student achievement. Based on these results, a teaching
model that focuses on both content and students’ self-efficacy should have positive, long-term
impacts on their overall mathematical achievement.
While some researchers focused on mathematical achievement, others focused on how
self-efficacy impacts attitudes students develop towards mathematics content. Görgün and Tican
(2020), as well as Simsek et al. (2020) focused on student attitudes and found that students with
high self-efficacy had more positive attitudes when faced with mathematics adversity. Therefore,
when students’ self-efficacy is improved, their attitude toward learning can improve, which helps
motivate them to persevere towards challenging tasks. As students build this perseverance, it can
be used in all aspects of life, not just in mathematics classes.
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Unexpected Findings
An unexpected pattern arose in much of the research: The decline of student attitude and
motivation as the grade level increased (Erdik, 2018; Görgün & Tican, 2020; Simsek et al., 2020;
Street et al., 2017). With so many researchers finding the same results, it leads to questioning
about the reason. Simsek (2020) thought it may be connected to students approaching more
conceptual math and leaving the Operational stage of learning. Standards in upper-level grades
become more conceptual and less tangible. Because mathematical concepts most often used in
day-to-day life fit into lower-level standards, it is easier for students to visualize how they will
use this math often. Once students reach seventh and eighth grade, the standards do not cover
concepts that people utilize every day, lowering students’ sense of its importance. Finally,
another explanation could be the use of project-based learning as a teaching strategy. Buabeng et
al., (2019) studied the importance of different types of assessments and found teachers should
focus on more project-based assessments to help with achievement and motivation, specifically
ones that cover entire units rather than projects that correlate with individual lessons. The issue
teachers face is finding meaningful projects that meet all the standards within a unit when
focusing on the standards of higher grade levels.
Considering the various components that emerged during research that have been shown
to influence mathematical achievement, a focus on improved motivation, student self-efficacy,
and attitude are common themes, especially in upper, middle-school grades. Therefore, in theory,
a teaching strategy that works to improve these aspects should help close the mathematical
achievement gap. One such strategy could be self-paced learning.
Self-Paced Learning
Self-paced learning focuses on allowing students to move through curriculum at their
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own pace, progressing as quickly or as slowly as needed to reach proficiency on the standards.
Because this model focuses on understanding rather than assignment completion, it is the hope
that students’ motivation will improve. Furthermore, since students work at their own pace and
whole-group instruction is not utilized, the educator has more time in their schedule to meet
individually with students, helping to boost their self-efficacy and attitude towards the content.
A Chicago International Charter School piloted a Summit Learning Program which
focused on project-based and self-paced learning, concentrating on critical thinking skills,
communication, problem-solving, and collaboration (Jacobs, 2017). One teacher was quoted as
saying, “There’s far more discussion and collaboration and more engagement. In the past, I was
losing so many students on both ends of the learning spectrum. They were bored or they were
confused” (Jacobs, 2017, p. 19). While the Summit Learning Program won’t work in every
situation, those at the school saw first-hand how collaboration and engagement improved with
the utilization of a self-paced learning model, thus improving motivation towards mathematics
learning.
Little research has been conducted on self-paced learning within a middle-school setting,
and the ones that have were structured with limitations. The research that was completed
typically focused on both academic achievement and student motivation. Balentyne recreated his
original study in 2016 to see if he received the same results as his original research. The initial
study focused on high-ability students and showed their attitudes towards mathematics improved
with the implementation of a self-paced course (Balentyne, 2016). His recreated study also
focused on high-ability students and showed that attitudes again increased, but that the self-paced
learning did not seem to affect achievement (Balentyne, 2017). While this study was conducted
in an eighth-grade setting, the students observed were all high-achieving students, limiting the
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ability to generalize the information to all learning abilities. Additionally, while the results did
not produce a connection with achievement as originally hoped, Balentyne (2017) suggested “the
positive correlation between attitudes toward mathematics and achievement growth found in this
study indicate the possibility that over time, this improvement in attitudes could lead to more
positive outcomes for achievement” (p. 68). Even though a positive correlation was not
discovered, the increased motivation and positive attitude of the students could show long-term
results outside the scope of the study.
Another study that focused on younger grades observed students in fifth and sixth grade
in a self-paced science class. Palaigeorgiou and Papadopoulou (2019) implemented a self-paced
classroom, focusing on interactive videos and hands-on learning activities, and they found a
surprising improvement in students’ self-control and learning management, despite a slight
learning adjustment. These results suggest that all students, regardless of achievement level, can
benefit from a self-paced, interactive classroom through the learning of self-efficacy,
perseverance, and motivation, even if achievement scores were not positively affected.
Much of the other research focused on college-level students, but still provides applicable
results. One study focused on Massive Open Online Courses (MOOCs), which are typically very
large, free courses with a population of college-aged students and adults (Watson et al., 2018). In
an attempt to understand the impact of self-paced learning, researchers studied a MOOC that was
self-paced compared to the same course that was structured traditionally. They found that
students had higher achievement in the self-paced MOOC, as well as a higher preference, which
was associated to lessening the worry of falling behind (Watson et al., 2018). Older students
typically have an internal drive to succeed, and therefore will likely feel positively towards a
self-paced environment, supported by adult-learning theory. An additional study also found
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positive correlations with achievement and the self-paced learning model when focused on a
college-level chemistry course, a phenomenon they attributed to giving ownership to the students
who learn the content (Hibbard et al., 2016). Despite some studies showing a positive correlation
with self-paced learning and achievement, there were also studies that produced different results.
In a study that focused on a college-level remedial mathematics course, it was found that,
while student satisfaction increased for most groups, there was no significant increase in
achievement scores (Cho & Heron, 2015). Another surprising factor was that students who were
intrinsically motivated showed a dissatisfaction for the self-paced course (Cho & Heron, 2015).
These differing results could be attributed to the remedial-student sample space, rather than a
general education data set, an important limitation to remember when generalizing the effects of
self-paced learning across all student levels.
A strategy of peer tutoring was presented as a possibility to improve student motivation
within a self-paced classroom (Roberts & Spangenberg, 2020). The self-paced model allows for
peer tutoring to be utilized within the structure of a classroom. Research focused on the attitudes
of the tutors during peer tutoring and found students understood their important role in helping
their peers with motivation and promoting self-confidence (Roberts & Spangenberg, 2020). The
use of peer-tutoring in addition to self-paced learning can help improve student motivation and
positive attitudes, which previous studies have linked to higher academic achievement.
While results vary when focusing on the efficacy self-paced learning on student
achievement, studies show that a self-paced classroom structure has positive impacts on student
motivation and self-efficacy, attributes that connect to improving achievement in several studies.
While some short-term studies have yet to show a positive improvement on scores, perhaps a
long-term study would show differing results. As an educator works to build student motivation
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over the course of one year, the duration may be too short to see the long-term effects, which
could be highlighted in a longer study. Additionally, more studies focused on younger students
would help educators determine if such a strategy would be beneficial to the demographics they
serve.
Theoretical Framework
The focus of the study was to determine the effect of a self-paced environment on eighthgrade achievement and motivation in a mathematics course. Students’ academic performance
was measured by the summative unit assessment after all lessons were concluded. Additionally,
students’ motivation was measured through surveys regarding their satisfactory with the course
structure. The self-paced environment had one final due date at the end of the unit, rather than
due dates of homework and lessons each day. Students progressed through the lessons as fast or
slow as needed and completed the end of unit check by a specified due date. It was the hope that
without daily due dates, students would focus more on learning and synthesizing the information,
rather than on completion of assignments. Additionally, with the elimination of whole-class
instruction, time was spent individually with students, helping to build up frustrational skills or
improve student motivation. With a focus on motivation and student self-efficacy in much of the
literature, a teaching strategy with these components should produce a positive impact on student
achievement.
Research Questions
1. What effect does self-paced learning have on eighth-grade students’ summative mathematics
achievement?
2. What effect does self-paced learning have on eighth-grade students’ perceived motivation
regarding learning mathematics content?
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Conclusion
The research shows there is a concern with the mathematical achievement gap, not only
in the United States, but also around the world. While the research involving efficacy of selfpaced learning and achievement scores is inconclusive, the research shows that motivation and
self-efficacy have a positive impact on student achievement. Therefore, the goal of teachers
should be to find strategies, such as a self-paced model, that improve these qualities within their
students, improving students’ opinions regarding mathematics and working towards shrinking
the mathematical achievement gap. The next chapter will outline the procedures of the action
research and provide a detailed explanation of how the action research was conducted.
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CHAPTER 3
METHODS
Introduction
After reviewing the available literature, a gap in the research was exposed surrounding
the effect of self-paced learning in a middle-school mathematics classroom. The focus of the
conducted action research attended to both academic progress and student perception of learning
mathematics to fill in the gap within the context of the researched classroom. Both aspects are
important in student progression through mathematics courses over their school careers. The
quasi-experimental research determined the effect of this student-centered approach specific to
eighth-grade students in their general mathematics course. Using quantitative data, student
achievement and attitude toward learning mathematics were analyzed to determine effect of the
new learning environment. This chapter reviews the procedures and data analysis involved in the
study.
Research Questions
1. What effect does self-paced learning have on eighth-grade students’ summative mathematics
achievement?
2. What effect does self-paced learning have on eighth-grade students’ perceived motivation
regarding learning mathematics content?
Research Design
Critical action research was conducted for the researcher to improve teaching practices
within the classroom. Mills (2018) defined critical action research as a research type that seeks to
improve practices by investigating the effect of an intervention. The goal of the research is to
determine the effect of a self-paced learning environment (the intervention) on student
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achievement and motivation, making critical action research appropriate. The quasi-experimental
research design used quantitative data to answer the designated research questions using an AB
research design, where baseline data was collected prior to implementation of the independent
variable. A quasi-experimental design, defined as research aimed to determine the effect of an
intervention without using randomization or a control group, was used to allow all available
students to participate in the study (Harris et al., 2006). The intervention being studied was a
self-paced learning environment and no control group was used because all students available to
the researcher were exposed to the self-paced learning environment. Because of this design, there
were limits to the generalization of the results to other populations; however, the results were
used to impact the teaching methods of the researcher (Harris et al., 2006).
The independent variable (self-paced learning environment) was implemented and
quantitative data on the dependent variables (academic progress and student motivation) were
analyzed to determine effect. Quantitative data, or data that uses numbers that can be analyzed,
uses descriptive statistics (mean and median) which allows the data to be consolidated into one
or two numbers to be considered (Mills, 2018). Regarding mathematics achievement, baseline
data was collected prior to implementing the self-paced classroom in the form of the students’
overall class grade, derived from the school’s online gradebook, PowerSchool. Additional
quantitative data was collected using Likert scale questions given to students through surveys
pre- and post-research to determine effect on student motivation, available in Appendix B. Likert
Scale questions provide answers on a scale from 1-5 to allow student’s perceptions to be
translated to a quantitative value (Mills, 2018).
An important limitation to note is the manipulation of possible outlier data. The highest
achieving students who qualified the previous year were pulled from their eighth-grade
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mathematics course to attend high-school Algebra. Therefore, their participation in the action
research was nonexistent. Additionally, the lowest achieving students who qualified received
extra services through a mathematics intervention course in addition to the regular education
classroom. While their data was still included in accordance with signed permission, they were
receiving additional support which likely influenced their achievement scores.
Setting
The students involved in the study reside in a rural, agricultural town in southeastern
North Dakota. With a majority of farmers and factory workers, many students intend to follow
their parents’ career paths. Due to the rural nature of the community, the student body lacked
diversity on many levels. Out of approximately 600 students k-12, 94% were white (school
website, 2021). The other 6% included Asian American, African American, Hispanic, and Native
American students collectively (school website, 2021). There were three English Language
Learners in the district at the time of the research. Students on Individual Education Plans
encompassed 11% of the student body, and 24% qualified for free and reduced lunch (school
website, 2021). Last year, 71% of graduates decided to attend a post-secondary school, with the
largest majority attending North Dakota two or four-year public schools (school website, 2021).
Knowing a large majority of graduates move on to attend post-secondary education, mathematics
achievement becomes even more important as mathematics courses are required for general
study courses at these higher-education institutions.
Overall, the school had support from the community. Involved parents pushed to utilize
their skills to help improve the school when possible. Parents and community members often
volunteered in various roles and attended events the school hosted. A majority of the parents
seemed to view the school as a partnership and accepted open communication in order to help
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their student succeed.
Participants
The specific students of study were 31 eighth graders attending the middle school. Of
these students, 97% were white, with the other 3% being African American (school website,
2021). 6% of students were on academic Individual Education Plans, and 13% received
intervention help in addition to regular classroom instruction (school website, 2021). 52% of the
students studied identified as male and 48% of the students identified as female (school website,
2021). A majority of the students came from two-parent homes, although some had single-parent
homes or blended families, with the main religion being Catholic or Lutheran.
Sampling. Because the sample participating in the study were students of the researcher,
the sample was a convenience sample which consisted of the entire population of students. A
convenient sample, defined as a nonrandom sample gathered that is easily accessible, was chosen
so all eighth-grade students of the researcher could participate in the study (Etikan et al., 2016).
Since the participants were easily accessible and not chosen randomly or for specific
characteristics, the sampling method met the criteria of a convenience sample (Etikan et al.,
2016). The participants involved in the study were eighth-grade students of the researcher, split
into three classes. All eighth-graders at the school were taught mathematics by the researcher;
therefore, all consenting eighth-grade students were involved in the study regardless of which
class they were placed in except for those pulled for high-school Algebra.
Instrumentation
Research question one sought to answer the effect of self-paced learning on student
achievement. This was analyzed through the use of baseline data collected prior to
implementation of the independent variable in the form of each student’s overall grade, gathered
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from the school’s gradebook system, PowerSchool. Data was collected after implementation of
the self-paced learning environment in the form of a summative assessment created by the
researcher. This was compared to the student’s overall grade prior to implementation to
determine efficacy. All data was recorded in a spreadsheet, available in Appendix E.
Research question two focused on student motivation toward learning mathematics.
Surveys with questions using Likert scales were given to students pre and post implementation of
the self-paced learning environment, developed by the researcher (see Appendix B). Means were
calculated for each student to determine an overall rating of their motivation toward learning
mathematics, which was compared to the post survey means. Data for students’ surveys were
recorded on the same spreadsheet used to track academic progress, available in Appendix E.
Data Collection. Students’ academic achievement was determined by results of the unitend, summative assessment (see Appendix A). Baseline data of participants’ overall grade was
collected through the school’s online grading system. After participating in the self-paced
classroom, students completed a paper/pencil summative assessment, where a calculator was
available for use. Percentages for correct answers were calculated for each student and compared
to the baseline scores through calculation of percent change. Motivation was assessed through
student surveys, available in Appendix B. Using descriptive statistics in the form of measures of
central tendency (mean and median) helped to make sense of the quantitative data gathered
(Mills, 2018). Mean and median were used to compare students’ pre and post-research survey,
using Likert Scale questions to quantitatively define student motivation and attitude toward
learning mathematics. Percent changes between student’s pre-research survey data and postresearch survey data were calculated to determine changes in motivation and attitude toward
learning mathematics. Additionally, descriptive statistics in the form of mean and median were
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used to determine changes for each class to see if changes were consistent between all three
classes.
Data Analysis. A percentage of questions correct out of total questions answered on the
end of unit summative assessment determined student achievement. Individual scores were
compared to the overall grade baseline data collected before the self-paced environment was
implemented using percent change. Percent change was calculated using the difference divided
by the original multiplied by 100. A 4% growth or lower was considered to have little or no
effect, where a 5% difference or higher was considered to have a positive effect. Higher than an
10% growth was considered highly effective. Additionally, means and medians were calculated
using all students’ data to determine differences in the baseline data and self-paced environment
data for the entire class as a whole. The mean and median overall grade baseline data were
compared to the mean summative assessment data after the new learning model was
implemented using percent change to keep consistency. The same individual data percentage
scale was used to determine effect of the whole-class data.
Surveys were given prior to implementation of the self-paced learning environment to
gather baseline data and used a Likert scale to collect quantitative data on student motivation. A
mean score for each student was calculated using their answers for each question. Based on the
Likert scale, a higher number indicated a more positive opinion regarding mathematics. Similar
surveys, also available in Appendix B, were given after implementation of the self-paced
learning environment and means were again calculated. A percent change was calculated for
each student to determine efficacy of the learning model on student motivation and attitude
toward learning mathematics by taking the difference divided by the original and multiplied by
100. A 5% increase or higher indicated efficacy in improving student motivation. A 4% or lower

SELF-PACED LEARNING IN MATHEMATICS

31

indicated insignificant change in motivation.
Research Questions and System Alignment. The table below (Table 1.1) is available
for review and provides information about the alignment between the research questions and
study methods to establish that all variables have been considered adequately.
Table 1
Research Questions Alignment
Research
Variables
Design
Question
What effect
does selfpaced
learning have
on eighthgrade
students’
summative
mathematics
achievement?

IV: Selfpaced
learning
environment

QuasiExperimental
Quantitative
Study

DV: Student
mathematical
academic
achievement

Instrument

Validity &
Reliability

Technique

Source

Baseline Data:
Overall student
grade from
school’s
gradebook,
PowerSchool

Internal
validity
allows the
results to be
generalized to
the students
involved in
the research.
External
validity is not
addressed
because the
participants
were not
randomly
selected.

Overall student
grade baseline
data was
gathered. Post
data was
gathered in the
form of a
summative
assessment.
Student percent
changes were
calculated, as
well as class
means and
medians to
determine
efficacy on
achievement.

Student
grade: 8

Surveys were
given preimplementation
to determine
student attitude
toward
mathematics.
Mean scores
were calculated
using each

Student
grade: 8

Research data:
Summative
assessment
(See Appendix
A)

Because a
tested reliable
assessment
was not used
to assess
student
achievement,
a statistical
analysis
cannot be
conducted on
the results.
What effect
does selfpaced
learning have
on eighthgrade
students’
perceived
motivation
regarding

IV: Selfpaced
learning
environment
DV:
Students’
perceived
motivation
toward

QuasiExperimental
Quantitative
Study

Baseline data:
Survey given
preimplementation
DV: Survey
given postimplementation
(See Appendix
B)

Internal
validity
allows the
results to be
generalized to
the students
involved in
the research.
External
validity is not

Sample
size: 31

Sample
size: 31
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addressed
because the
participants
were not
randomly
selected.
Because a
tested reliable
assessment
was not used
to assess
student
achievement,
a statistical
analysis
cannot be
conducted on
the results.

question. A
post-survey
was given and
mean scores
were calculated
again. Percent
change was
calculated to
determine
efficacy in
student
motivation.

Procedures
Two weeks before beginning the action research, an explanation of the process was
provided to the students and informed consent letters were sent home. Signatures were collected
to determine which students would participate in the action research data collection. Baseline
data for academic achievement and student motivation was collected prior to the self-paced
learning environment. A survey regarding student motivation was conducted one week prior to
implementation in early October. Mean scores were calculated for individual students using their
answers from each question and were recorded in the spreadsheet (see Appendix E). Overall
student achievement baseline data was collected from the school’s gradebook system,
PowerSchool, and recorded in the spread sheet one day prior to implementation (see Appendix
E).
The self-paced environment was described to the students as the elimination of due dates
throughout the unit to shift student focus from homework completion to content mastery.
Students were given videos for each lesson to watch and take notes, and independent practice for
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each lesson was completed. Students used lesson checks to self-reflect on their mastery of the
lesson before proceeding. Students utilized class time to work through the videos and
independent practice, as well as meet individually or in small groups with the instructor to
reinforce concepts being learned and address misconceptions. A general guideline (see Appendix
F) was given to students who wanted to follow it, but official due dates were not given
throughout the unit; one final date was given for completion of the unit. Halfway through the
chapter, students completed a formative assessment in the form of a quiz, and again at the end of
the chapter. The instructor met with students after each formative assessment to address mistakes
that were made and reinforce content. To help protect students’ emotions during this time, grades
were implemented based on completion only and did not affect their overall grade in a negative
way. The unit took five weeks to complete from start to finish.
Once students completed all the lessons, quizzes, and corrections, they took the unit
assessment, which was used to determine academic improvement. Percentages were calculated
on each student’s summative assessment using number correct divided by total questions
multiplied by 100. These percentages were recorded in the spreadsheet in Appendix E. Then, a
percent change was calculated for each student, taking the difference in baseline and postresearch data divided by the baseline data multiplied by 100 and was recorded in the same
spreadsheet. The level of efficacy was listed based on the following percentage scale: Highly
effective (10% or higher), positive effect (9%-5%), ineffective (4% or lower). Students who did
not complete the unit by the designated date worked with the instructor to finish the unit before
their summative data was collected. Their scores were marked in the spreadsheet in red for
tracking purposes.
Once students completed the unit using the self-paced learning model, they completed
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another survey similar to the one given prior to implementation (See Appendix B). Means for
each student were calculated again and compared to the survey prior. A percent change was
calculated, using the difference of means divided by the original and multiplied by 100. These
results were recorded in the spreadsheet. A 5% increase or higher indicated efficacy in
improving student motivation. A 4% or lower indicated insignificant change in motivation. After
analyzing these results, the action research was completed, and the research questions were
answered.
Ethical Considerations
Since research involving human subjects was involved in the study, protection of the
participants was of upmost importance. Complete anonymity was used to protect the identity of
all participants; no identifiable information was discussed. Additionally, all data will be kept in a
locked cabinet in the researchers room and will be destroyed one year after publication of the
study. Understanding that students’ achievement could improve or decline with the
implementation of the independent variable, any grades received during the unit were not
incorporated into the overall quarter grade given to the students. Additionally, any learning loss
presented was directly and individually addressed with the instructor after the action research
was completed. Required ethics training was conducted by the researcher and informed consent
letters were shared, signed, and returned by parents (See Appendix C and D respectively).
Participants were made aware that they may withdraw from the research at any time without
consequence.
Conclusions
The action research conducted gave the instructor insight into the effect of the studentcentered learning strategy of a self-paced environment. With existing research supporting the
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impact of motivation on student mathematical achievement, student attitude and motivation was
a focus of the research (Balentyne & Varga, 2017; Donolato et al., 2020; Hwang & Son, 2021).
Balentyne (2017) predicts that even if a strategy fails to show immediate effect on student
achievement, if motivation and attitude improve, a long-term, positive effect may develop. The
results from the student surveys showed the instructor the effect the self-paced environment had
on motivation toward learning mathematics, in hopes that this will affect achievement in
students’ future. Additionally, the results determined if there was an immediate effect on student
achievement with implementation of the self-paced method. The next chapter will analyze results
from the action research and begin to answer the research questions.
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CHAPTER 4
Data Analysis and Interpretation
Introduction
The action research conducted provided insight into the effects of a student-centered
teaching method on eighth-graders’ achievement and motivation toward learning mathematics.
The researcher, who noticed an achievement gap in mathematics for students at various levels,
reviewed existing literature surrounding methodologies that affected students’ mathematics
achievement. While existing research of a self-paced learning environment within a middleschool mathematics classroom was non-existent, studies were found supporting the efficacy of a
student-centered teaching approach (Elif & Kezer, 2021). Additionally, studies discovered
positive correlations between student motivation and self-efficacy and mathematics achievement
(Bandura, 1977; Balentyne & Varga, 2017; Donolato et al., 2020; Hwang & Son, 2021).
Therefore, the research questions focused on mathematics achievement, as well as student
motivation, to determine efficacy of a self-paced learning environment on middle-school
mathematics students. The researcher, who taught seventh- and eighth-grade mathematics,
utilized the available eighth-grade students to gather baseline data, implemented the self-paced
learning environment, and collected post-research data, for which the results are analyzed in this
chapter.
Data collection
Data was collected on pre- and post-implementation on the participating eighth-grade
students for both research questions. Achievement baseline data was collected by recording
students’ overall mathematics grade one day prior to implementing the independent variable.
After the conclusion of the self-paced unit, students completed a summative assessment, created
by the researcher (see Appendix A), to compare to the baseline data. Percent changes were
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calculated for each student, and efficacy was determined by the following scale: Ineffective (4%
or lower), effective (5%-9%), and highly effective (10% or higher). Whole class means and
medians were also calculated using students’ baseline and summative achievement scores, and
efficacy was determined using the same scale.
To assess student motivation, students completed a survey pre and post implementation
using Likert Scale questions, where higher numbers indicated higher motivation for learning
mathematics (see Appendix B). Means were calculated using the five questions to determine one
motivation score for both surveys. A percent change was calculated using the motivation score
for the pre-implementation survey and post-implementation survey. Efficacy was determined
using the following scale: Ineffective (4% or lower), Effective (5% or higher). Whole class
means were also calculated to determine overall efficacy for each class. All data was recorded in
a spreadsheet, which can be viewed in Appendix E.
The data presented in this chapter analyzes the answers to the two research questions,
which focus on student achievement and motivation within the mathematics classroom. By
calculating percent changes, the effect of the independent variable can be analyzed while
considering the baseline data. This chapter discusses and analyzes the results collected from the
action research.
Results
RQ 1: What effect does self-paced learning have on eighth-grade students’ summative
mathematics achievement?
The mean and median for baseline data and post-research data separated by class can be
viewed in Table 2. When considering the means for each class, all three classes had positive
percent changes. Class 8-1 had the highest percent change at 13.4% improvement, followed by
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8-3 with 10.2% improvement, and 8-2 had the lowest percent change with 3.2% improvement.
When considering the median, there is a similar trend. Class 8-1 had the highest improvement
with 7%, followed by 8-3 with 4.4% and 8-2 with 2.3%. A visual representation of the means
and medians can be viewed in Figure 4.1.
Table 2
RQ 1: Academic Achievement Results-Whole Class
Class

Baseline
Mean

Post-Research
Mean

Percent
Change

Baseline
Median

Percent
Change

85%

PostResearch
Median
91%

8-1

80.3%

91.1%

13.4%

8-2

83.9%

86.6%

3.2%

84%

86%

2.3%

8-3

83.4%

91.9%

10.2%

90%

94%

4.4%

7%

Figure 4.1. Whole Class Academic Achievement
A correlation is shown in Figure 4.2 comparing students’ individual initial baseline
academic achievement data to their percent change, excluding two outliers. The two outliers
excluded were points (20, 200) and (38,145). These points followed the trend of the scatter plot
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but were too large to fit within the scale of the graph.

Figure 4.2. Individual Student Academic Achievement Correlation
Individual students’ percent changes were categorized as ineffective (4% and lower),
effective (5%-9%) and highly effective (10% and higher). Table 3 shows the number of
individual percent changes that fell into each of these categories separated by each class and
were totaled to represent the entire grade.
Table 3
RQ 1: Academic Achievement Results-Individual Data
Class

Number of Effective
Percent Changes (5-9%)

8-1

Number of Ineffective
Percent Changes (4%
and lower)
3

3

Number of Highly
Effective Percent Changes
(10% and higher)
4

8-2

4

2

3

8-3

5

2

5

Total

12

7

12

RQ2: What effect does self-paced learning have on eighth-grade students’ perceived motivation
regarding learning mathematics content?
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Student motivation was determined by calculating means of student answers on surveys
using Likert Scale questions. Whole class means and medians were then calculated using each
student’s results from the pre-implementation survey and the post-implementation survey. These
results, including the percent changes, can be seen in Table 4. Much like academic achievement,
each class had positive percent changes for both the means and medians calculated. Class 8-3
had the highest percent change for mean (17.7%) and median (22.2%). Classes 8-1 and 8-2 had
similar percent changes for mean with 9.1% and 9.4% respectively. These class’s median percent
changes were not as similar, with 8-1 having 11.4% improvement and 8-2 having 6.2%
improvement. A visual representation in the form of a histogram can be viewed in figure 4.3.
Table 4
RQ 2: Student Motivation-Whole Class
Class

Baseline
Mean

Post-Research
Mean

Percent
Change

Baseline
Median

Percent
Change

3.5

PostResearch
Median
3.9

8-1

3.5

3.82

9.1%

8-2

3.2

3.5

9.4%

3.2

3.4

6.2%

8-3

3.4

4

17.7%

3.6

4.4

22.2%

11.4%

SELF-PACED LEARNING IN MATHEMATICS

41

Figure 4.3. Whole Class Motivation Data
A scatter plot which compares students’ initial baseline motivation data to their percent
change shows a negative correlation. This correlation can be viewed in figure 4.4.

Figure 4.4. Individual Student Motivation Correlation
Individual student motivation percent changes were placed in two categories: Ineffective
(below 4%) and effective (5% and higher). The number of students whose percent changes fell
into these two categories are presented in Table 5.
Table 5
RQ 2: Student Motivation-Individual Data
Class

Number of Ineffective Percent
Changes (4% and lower)

Number of Effective Percent Changes
(5 and higher)

8-1

4

6

8-2

3

6

8-3

3

9

Total

10

21
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Data Analysis
RQ1: What effect does self-paced learning have on eighth-grade students’ summative
mathematics achievement?
When initially looking at the data, the positive impact of the self-paced environment on
student achievement is present, but not as strong as initially predicted. Based on the study by
Bjorklund-Young and Plasman (2020), which could not find any methods that improved the
achievement gap in the participating schools, it can be predicted that a singular teaching method
may not have a significant impact on overall achievement. However, the results from Elif and
Kezer’s (2021) study suggest that a student-centered teaching approach could have an impact on
achievement by improving students’ motivation and confidence in learning mathematics. Many
other researchers agree with Elif and Kezer, focusing on improving student motivation and selfefficacy, as well as lowering mathematics anxiety (Badura, 1977; Damrongpanit, 2019; El-Adl &
Alkharusi, 2020; Ozkal, 2019). Based on these studies, it was predicted that the self-paced
learning environment, which gave students the personalized help they need, would not only
improve student motivation, but also academic achievement.
Overall, the data shows the self-paced classroom had a positive effect on many students’
academic achievement. Classes 8-1 and 8-3 had an average mean percent change that can be
classified as highly effective based on the set scale. For class 8-2, while the percent change
showed improvement, the improvement was not large enough to be classified as effective. The
median percent change for class 8-1 was classified as effective but was not high enough for
classes 8-2 and 8-3 to be considered effective. The medians may demonstrate a better
understanding of improvement, especially for classes 8-2 and 8-3 that have outliers which skew
the means for each class. Despite the whole class means and medians showing differing results,
when considering the individual data, 12 students’ percent changes were ineffective and 19
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students’ percent changes were effective or highly effective. The results were unsurprising based
on the research found by Elif and Kezer (2021), who found that student-centered teaching
methods have a positive impact on student achievement. Since the researcher had opportunities
to meet individually with each student to offer specific support needed, the students were able to
grasp the concepts for their summative assessment.
When looking at this data, it is evident that the self-paced learning environment had
positive effects on student achievement, but the impact was not as great as originally predicted.
To understand why the data differs than originally expected, a scatter plot was created comparing
the original baseline to the percent change to see if there was a correlation between the two.
Based on the scatter plot, a trend line shows a strong, negative correlation between the baseline
data and percent change, which shows that the higher the original baseline data recorded, the
lower the percent change. Once this trend came to light, it is easy to explain why so many data
points show an ineffective result. If a student’s baseline is already high, there is less room for
improvement. For example, Student 28 had a 105% baseline data score, and he received a 100%
on his summative assessment. Looking that those raw data points, it would be safe to say that the
self-paced environment was still effective for Student 28, but the percent change shows
ineffective with a -5%. All students whose baseline data began at 80% or lower showed an
effective or highly effective percent change. The two outliers who were removed from the scatter
plot showed the biggest percent changes. Student 5 began with a 20% baseline score and scored
an 80% on his summative assessment, making his percent change 200%. Student 21 began with a
38% and scored a 93% on the summative assessment, making her percent change 145%. The
scatter plot and these two outliers show that the largest improvements impacted students whose
baseline scores were the lowest. These results were not expected but are easily explained.
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RQ2: What effect does self-paced learning have on eighth-grade students’ perceived motivation
regarding learning mathematics content?
When focusing on research question two addressing student motivation, the positive
impact is more easily seen than with academic achievement. Based on the research found
connecting a student-centered approach to student motivation, this was an expected result (Elif
and Kezer’s, 2021). When looking at the means and medians, each class shows an effective
percent change for student motivation. Additionally, when looking at the individual data, 21
students showed effective percent changes compared to the ten students who showed ineffective
percent changes. It is important to note that only six students showed a negative percent change.
The other four students showed positive percent changes, but not large enough to be considered
effective. Unsurprisingly, the student-centered approach gave students more confidence that they
could reach mastery of the content.
Much like the academic achievement, there was concern about the ten students who
showed an ineffective impact on motivation. Another scatter plot was created to determine if
there was a correlation between baseline data and percent change. Mirroring academic
achievement, motivation showed a negative correlation between the baseline data and percent
change, meaning the higher the baseline data, the lower the percent change. This result was also
unexpected but easily explained since the higher the baseline data, the less room there is to
improve.
Conclusion
With a concern over the mathematics achievement gap, it was the goal to determine if a
student-centered teaching approach may help improve middle-school students’ mathematics
achievement. With research indicating an importance of student motivation and self-efficacy, a

SELF-PACED LEARNING IN MATHEMATICS

45

second research question was created to determine efficacy of the teaching approach on student
motivation for learning mathematics. After analyzing the data obtained from the action research,
there were positive results for both student achievement and motivation. Although not every
class improved equally, the positive improvements were seen among each class, with the largest
improvements produced from those with the lowest baseline scores.
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Chapter 5
Implications for Practice
Introduction
The purpose of the action research was to determine the efficacy of a self-paced learning
model on eighth-grade students’ mathematics achievement and motivation for learning the
content. Overall, the self-paced learning model proved to have positive effects among most
students and classes. Based on the percent changes calculated, academic achievement improved
with the self-paced learning model even though some classes saw greater gains than others. The
largest impact was seen among students who had the lowest baseline scores for achievement.
Motivation scores also made significant improvements based on the calculated percent changes.
With only six students’ motivation scores decreasing, a majority of the class appreciated the
structure of the self-paced classroom and believed it enhanced their confidence in mastering the
mathematics concepts.
Action Plan
When considering the results of the study, the student-centered teaching approach proved
to have many benefits on student achievement and learning motivation. The researcher found
many positives to this type of structure, including more opportunity to provide students with
individualized support. The students appreciated the shift of focus from homework completion to
mastery. Additionally, students took responsibility for their learning; fewer students copied
answers from each other and motivated themselves to understand the content being taught. Many
students felt more supported because they had the individual help needed from the teacher.
Finally, grading was more seamless for the researcher because students participated in selfgrading, excluding the summative assessment, which helped them reflect on their understanding
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of the material.
Despite the benefits that came from the self-paced classroom, the structure was not
perfect. With only one final due date at the end of the chapter, 45% of the students did not
complete all assignments before the final due date. Upon open discussion with the participants,
many shared they felt they could procrastinate because assignments would not be late. In turn,
they felt stress at the end of the unit because the final due date approached faster than they
expected. Additionally, some students longed for more class-wide activities; however, this is
challenging with students completing work at various paces. Finally, setting up the self-paced
classroom took many hours for one chapter. Therefore, to set up the self-paced classroom full
time for a year-long course would take more hours than may be available at the current time.
When fully considering all the positives and challenges of a self-paced classroom, the
researcher would like to put the self-paced structure into the classroom full time, with some
further adjustments. Students would have due dates twice throughout the chapter to help keep
them on pace and help with procrastination. Additionally, at the conclusion of each week, the
educator will check in with each student, to keep communication more frequent between all
students. Whole-class activities will be scheduled for various days when the educator feels is
most beneficial for the students. With these adjustments, the self-paced classroom should run
more smoothly, and students should continue to see positive outcomes based on the results of the
action research. It is the hope that ultimately, students will feel empowered to learn mathematics,
feel individual support from the educator, and learn how to take initiative to seek out help when
needed.
Plan for Sharing
The information learned from the action research can benefit many educators of differing
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grade levels and content areas. The data results and analysis will be shared with colleagues at the
school in which the participants attend. After reviewing with the principal, information will be
shared, and open dialogue will be encouraged during an all-staff meeting. Additionally, the
action research will be disclosed with the superintendent of the participating school. If
appropriate, the information will be shared with colleagues across the district at an upcoming inservice day. Finally, it is the hope that other educators, particularly math educators, see the
results gleaned from the self-paced classroom to see if similar results can be recreated. While the
paper will not be published in any national forums, it will be available upon request and within
Minnesota State University Moorhead’s library. This student-centered approach created many
positives in response to a widening achievement gap. As other mathematics educators work to
close the gap, perhaps this research can provide the same benefits observed.
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Appendix A
Good Luck To: ____________________________________ Class: _________

Topic 2 Test Version A
Please read all directions carefully.
Bubble in which version of the test you have (A or B) on the bottom of the multiple choice
answers.
You can write on this test, but your answers have to be recorded on the answer sheet.

The first 10 questions are multiple choice. Make sure you bubble in your answer on the
answer key.

1. What is the slope of the line above?
!

a. "

b.

#$

%

%

#%

c. $

d.

c. 6

d. 0

$

2. What is the y intercept of the line above?
a. 4

b. −4

3. What is the equation that represents the line above?
a. 𝑦 = 4𝑥 + 6

b. 𝑦 =

#%
$

𝑥

c. 𝑦 =

#%
$

𝑥 + 4 d. 𝑦 = 6𝑥 + 4

4. In the equation 𝑦 = −5𝑥 − 3, what is the y-intercept?
a. −5

b. −3

c. 5

5. How many solutions does the following equation have?
−2𝑥 + 4𝑥 − 3 = −3 + 2𝑥

d. 3
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b. Infinite
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c. No Solutions d. 𝑥 = 2

6. Solve.
5x + 10 = -35
a. x = -125

b. x = -5

c. x = -9

d. x = 9

7. Solve.
-4x + 6 = -8 + 3x
a. x = -14

b. x = 2

c. x = -2

d. x = 14

8. Peter takes out $5.00 from his account every day. He begins with $450 in his account. Write an
equation to find out how much money is left in his account on any given day.
a. 𝑦 = 450𝑥 + 5

b. 𝑦 = 450𝑥 − 5

c. 𝑦 = 5 + 450𝑥

d. 𝑦 = −5𝑥 + 450

9. What is the slope between these two points: (9, -2) and (-1, 8)?
a.

#"
&'

b. 1

c. - 1

d. 0

b. x = 27

c. x = 2.5

d. x = 810

10. Solve.
45 = x - 18
a. x = 63

The following questions are NOT multiple choice. Please find the answer and write it on the
answer sheet. Some questions have two parts. Make sure you answer both!
Solve each equation.
11. 4𝑥 + 3𝑥 + 8 = 10𝑥 − 4
12.

!"#
"$

=2

13. −3(2𝑥 + 4) = 24
14. −7𝑥 − 4 = −5𝑥 + 10
15. How many solutions does this equation have?
−9 + 4𝑥 + 2𝑥 = 3𝑥 + 3𝑥 + 12
16. How many solutions does this equation have?
2(𝑥 + 4) − 4 = 10
Write the equation for each graph.
17.

18.
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Write the equation for each graph.
19.

20.

21. Find the slope between the two points.
(0 , −4)

(−3 , 1)

22. Find the slope between the two points.
(−3 , 5)

(0 , 4)

23. Find the slope between the two points.
(5 , 7)

(−4 , −2)

24. Graph the following equation (there is a graph on your answer key.)
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𝑥−2

25. Graph the following equation (there is a graph on your answer key.)
𝑦 = −3𝑥
26. Graph the following equation (there is a graph on your answer key.)
𝑦 = −𝑥 + 4
Find the slope of each graph.
27.

28.

29. When you buy food at a buffet in Vegas, they charge a flat rate of $4.00. Then, they weigh your
food and charge $1.00 for every pound of food on your plate. Write an equation to find out how
much you will pay for any number of pounds of food.
30. Graph your equation from problem 29. (There is a graph on the answer key.)

Good Luck To: ____________________________________ Class: _________

Topic 2 Test Version B
Please read all directions carefully.
Bubble in which version of the test you have (A or B) on the bottom of the multiple choice
answers.
You can write on this test, but your answers have to be recorded on the answer sheet.
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The first 10 questions are multiple choice. Make sure you bubble in your answer on the
answer key.

1. What is the slope of the line above?
%

a. $

b.

#%

!

$

#$

c. "

d.

c. 4

d. 6

%

2. What is the y intercept of the line above?
a. −4

b. 0

3. What is the equation that represents the line above?
a. 𝑦 = 4𝑥 + 6

b. 𝑦 =

#%
$

𝑥

c. 𝑦 =

#%
$

𝑥 + 4 d. 𝑦 = 6𝑥 + 4

4. In the equation 𝑦 = −4𝑥 − 2, what is the y-intercept?
a. −2

b. −4

c. 4

d. 2

5. How many solutions does the following equation have?
−5𝑥 − 2𝑥 + 4 = −7𝑥 + 2
a. x = -5

b. One Solution c. Infinite Solution

d. No Solutions

6. Solve.
-10 + x = 10
a. x = 0

b. x = 10

c. x = 1

d. x = 20

7. Solve.
-2x + 1 = x – 5
a. x = -6

b. x = -2

c. x = 2

d. x = 6

8. Jenny takes out $3.00 from her account every day. She begins with $500 in her account. Write an
equation to find out how much money is left in her account on any given day.
a. 𝑦 = 500𝑥 + 3

b. 𝑦 = −3𝑥 + 500

c. 𝑦 = 3 + 500𝑥

c. 𝑦 = −500𝑥 + 3
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9. What is the slope between these two points: (4, -5) and (-2, -4)?
a.

#&
"

#)

b. 6

c. 0

d.

b. x = -54

c. x = 3.5

d. x = 54

%

10. Solve.
42 = x - 12
a. x = -3.5

The following questions are NOT multiple choice. Please find the answer and write it on the
answer sheet. Some questions have two parts. Make sure you answer both!
Solve in each equation.
11. −3𝑥 + 4 = −2𝑥 − 3𝑥 + 12
12.

!"%
$

= −4

13. −2(4𝑥 + 2) = 20
14. −8𝑥 − 2 = −5𝑥 + 13
15. How many solutions does this equation have?
4(𝑥 + 6) − 2 = 10
16. How many solutions does this equation have?
−7 + 5𝑥 + 3𝑥 = 4𝑥 + 4𝑥 − 7
Write the equation for each graph.
17.

18.
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Write the equation for each graph.
19.

20.

21. Find the slope between the two points.
(2 , 4)

(3 , −5)

22. Find the slope between the two points.
(−2 , 6)

(0 , 5)

23. Find the slope between the two points.
(3 , 8)

(−2 , −4)

24. Graph the following equation (there is a graph on your answer key.)
𝑦=

&
!

𝑥−3

25. Graph the following equation (there is a graph on your answer key.)
𝑦 = −5𝑥
26. Graph the following equation (there is a graph on your answer key.)
𝑦 = −𝑥 + 7
Find the slope of each graph.

27.

28.
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29. When you buy food at a buffet in Vegas, they charge a flat rate of $6.00. Then, they weigh your
food and charge $1.00 for every pound of food on your plate. Write an equation to find out how
much you will pay for any number of pounds of food.
30. Graph your equation from problem 29. (There is a graph on the answer key.)
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Appendix B
Student survey pre-implementation
Name: _______________________________________________ Class: __________________
Please circle a number to represent your feelings for each question. Answer it the best you can
for how you feel most of the time. Take time to think about each question and answer it
carefully.

1. I enjoy learning new mathematics concepts.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

2. I feel confident I can learn new mathematics concepts.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

3. I enjoy learning mathematics through the flipped classroom.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

4. I believe anyone can learn mathematics concepts and people are not “born with a math brain.”
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

5. I feel excited to come to mathematics class.
1
STRONGLY
DISAGREE

2

3

4

5
STRONGLY
AGREE
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Student survey post-implementation
Name: _______________________________________________ Class: __________________
Please circle a number to represent your feelings for each question. Answer it the best you can
for how you feel most of the time. Take time to think about each question and answer it
carefully.

1. I enjoy learning new mathematics concepts.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

2. I feel confident I can learn new mathematics concepts.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

3. I enjoy learning mathematics through the self-paced learning model.
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

4. I believe anyone can learn mathematics concepts and people are not “born with a math brain.”
1

2

3

4

STRONGLY
DISAGREE

5
STRONGLY
AGREE

5. I feel excited to come to mathematics class.
1
STRONGLY
DISAGREE

2

3

4

5
STRONGLY
AGREE

Not valid for renewal of certification
through CME.
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Appendix D

Institutional Review Board
September 19, 2022
502 Elm Street
Lisbon, ND 58054
Dear Parent or Guardian,
Your child has been invited to participate in a study to see if a self-paced learning
environment has a positive effect on student mathematics achievement and motivation
towards learning mathematics content. The information being used will help me, Mrs.
Spencer, complete my master’s degree at Minnesota State University Moorhead.
Your child was selected because he/she is in my regular education classroom. For the
research, please understand that the structure of class will be altered. Rather than a
lesson and independent practice being assigned and due the following day, students
will work through the unit at their own pace, completing all lessons by one final due
date at the end of the unit. During class, I will be providing individual support for
each student, meeting one-on-one and in small groups to provide meaningful activities
and help students as they move through the content.
At the end of the unit, they will complete an assessment, in the form of a test, which
will help determine the efficacy of the self-paced model. The unit test at the end of the
self-paced model will be used for research only and will not affect their grade.
Students will also be asked to complete a questionnaire, which will provide
information on changes in students’ motivation and attitude towards learning the
mathematics content within the self-paced model.
Although principal Jared Hoff has granted me permission to conduct this study, since
this information is part of the requirements for completing my degree, I need to have
parental consent to use the received information in my final paper. If I did not need
this information to complete my degree, I would still be implementing the self-paced
environment, and I would not need signatures. If you sign this form, you are giving
me consent to use the information I gather in publication. The privacy of each student
will be protected by maintaining confidentiality. No names or identifiable information
will be used in any reports or the final thesis paper. All records will be protected and
destroyed one year after publication.
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Please note that you or your student can withdraw participation at any time without
consequence. Please know that refusal of participation or withdraw of participation
does not remove students from the self-paced learning environment; it removes my
permission to use that students’ information for publication of my thesis.
Please feel free to ask any questions you have regarding this study. You may contact
Jacy Spencer at 701-683-4108 or through email at jacy.spencer@k12.nd.us. You may
also contact my principal invesitagor from Minnesota State University Moorhead,
Kathy Enger at 701-429-1857 or via email at Kathy.enger@mnstate.edu.
You will be offered a copy of this form to keep. Your signature indicates that you
have read the information provided above and have decided to participate. Again, you
may withdraw at any time without prejudice after signing the form should you choose
to discontinue participation in the study.

_____________________________________________________________________
Student Name

Date

_____________________________________________________________________
Signature of Parent or Guardian

Date

_____________________________________________________________________
Signature of Investigator

Date

_____________________________________________________________________
Signature of Principal
MSUM Principal Investigator’s Information:
Dr. Kathy Enger
Phone: 701-429-1857
Email: kathy.enger@mnstate.edu
ID number: ei6585wm
MSUM Director of IRB Information:
Dr. Robert Nava
Phone: 218-477-4308
Email: Robert.nava@mnstate.edu

Date
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Appendix F
Unit 2 Pacing Guide
Remember, this is a guide. These are NOT due dates. You may follow the guide if you choose.
Lesson Video

Independent Practice

2-1 Combine Like Terms to
Solve Equations
2-2 Solve Equations with
Variables on Both Sides
2-3 Solve Multi-Step Equations

2-1 IXL Q2B or worksheet

Recommended
Completion Date
October 4

2-2 IXL ZYL or worksheet

October 5

2-3 IXL 55K or worksheet

October 6

2-4 Equations with No or
Infinite Solutions
Review for Quiz 2a

2-4 IXL XDE or worksheet

October 7

Review Study Guide

October 11

Complete Quiz 2a

Complete corrections if needed

October 12

2-5 Compare Proportional
Relationships
2-6 Slope

2-5 MathXL

October 14

2-6 MathXL

October 15

2-7 Linear Equations

2-7 MathXL

October 19

2-9 Linear Equations pt. 2

2-9 MathXL

October 24

Review for Quiz 2b

Review Study Guide

October 25

Complete Quiz 2b

Complete corrections if needed

October 26

Review for Topic 2 Test

Complete Study Guide

November 1

Topic 2 Test

The entire unit should be completed by November 2nd.

November 2
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